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(54) SOLID ELECTROLYTE TYPE FUEL CELL 

(57)Abstract: 

PURPOSE: To uniformize approximately current 
density distribution, temperature distribution, stress 
distribution and the like on a fuel cell surface by 
reversing a flowing direction of cathode gas and/or 
anode gas on the fuel cell surface when the fuel cell 
is operated as well as to improve fuel cell 
performance by diffusing H20 and the like generated 
when the fuel cell reacts. 

CONSTITUTION: An anode gas supply plate 6 has 
approximately the same size with an anode 3, and 
several ribs 7 are arranged at regular intervals on an 
opening side surface so that anode gas can be 
supplied approximately uniformly to the anode 3. An 
anode gas supply pipe 8 to supply the anode gas to 
the anode 3 and an anode gas discharge pipe 9 to discharge anode exhaust gas after a 
fuel cell reacted, are connected to one opposed side of this plate 6. When opening and 
closing of anode gas supply valves 10a and 10b and anode gas discharge valves 11a and 
lib are switched to/from each other, an anode gas flowing direction can be reversed to an 
A direction or a B direction. A cathode gas supply plate 5 has approximately the same 
structure with the plate 6. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The plate for cathode gas supply with which the cell proper which a cathode and 
an anode are arranged through a solid electrolyte and changes supplies cathode gas to said 
cathode, In the solid oxide fiiel cell of the structure which intervened between the plates for 
anode gas supply which supply anode gas to said anode The cathode gas and/or anode gas 
which are supplied in a cell side from said plate for cathode gas supply, and/or the plate for 
anode gas supply It is the solid oxide fuel cell characterized by being constituted so that the 
flow direction of the gas within a cell side may be reversed at least at once during operation 
of a cell. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Apphcation] This invention relates to ameUoration of the supply structure of 

cathode gas and anode gas in detail about a soUd oxide fuel cell. 

[0002] 

[Description of the Prior Art] A solid oxide fuel cell ("SOFC" is called hereafter) attracts 
attention as a fuel cell of the third generation following a phosphoric acid ftiel cell and a 
fused carbonate fuel cell which carried out the fiill soUd state, and is studied in each field. 
Especially SOFC that uses the ion conductivity ceramics as an electrolyte has the 
advantage that operating temperature of generating efficiency is high compared with a 
conventional-type cell at an elevated temperature (about 1000 degrees C) while being able / 
to solve the problem of electrolyte loss completely, as this seed fiiel cell - 0.9 (Zr02) 0.1 (Y2 
03) etc. " the fuel cell using an oxygen ion conductor is mentioned. 
[0003] By the way, especially the monotonous mold SOFC is having Above SOFC and 
structure where the cathode 22 and the anode 23 were arranged through plate-like 
soUd'state electric-field **** 21, as shown in drawing 4 - drawing 6 . Moreover, cathode gas, 
such as said cathode02 and Air, is generated electricity [ 22 ] by 23 supplying anode gas, 
such as said anodeH2 and CO, respectively. In addition, a current flows perpendicularly to 
soUd'state electric-field **** 21, Here, as the supply approach of said cathode gas and 
anode gas, three kinds of supply approaches as usually shown in drawing 4 - drawing 6 are 
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mentioned. That is, drawing 4 is the approach of making cathode gas and anode gas 
intersect perpendicularly, and supplsdng, drawing 5 is the approach of making cathode gas 
and anode gas counter and supplying, and drawling 6 is the approach of supplying cathode 
gas and anode gas from the same direction. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the direction where the cathode 
gas within a cell side and anode gas flow is always fixed, a technical problem which is 
hsted to below produces each above-mentioned conventional gas supply approach. 
** Gtenerally, in the upstream (Gas IN side) of cathode gas and anode gas, while oxygen gas 
concentration and hydrogen gas concentration become high, as for the downstream (Gas 
OUT side) of cathode gas and anode gas, oxygen gas concentration and hydrogen gas 
concentration become low. Therefore, the upstream (shadow area in drawing 4 - drawing 
6 ) of each gas As opposed to cathode gas with high oxygen gas concentration and anode gas 
with high hydrogen gas concentration reacting briskly, and a cell reaction being performed 
actively Since cathode gas with the low oxygen gas concentration after contributing to a 
cell reaction, and anode gas with low hydrogen gas concentration flow, compared with the 
upstream, a cell reaction is not prosperous in the downstream (dot part in drawing 4 R> 4 ■ 
drawing 6 ) of each gas. Consequently, since the current density distribution within a cell 
side, temperature distribution, stress distribution, etc. became uneven, it had the technical 
problem that degradation of a cell was quick. 

** In order that H2 O produced in the case of a cell reaction might pile up locally, it had the 
technical problem that the cell engine performance deteriorated. 

[0005] di£Fusing H2 O produced in the case of a cell reaction firom reversing the direction 
where this invention is made in view of the above-mentioned technical problem, and the 
cathode gas within a cell side and/or anode gas flow during operation of a cell, while 
making the current-density distribution within a cell side, temperature distribution, stress 
distribution, etc. into abbreviation homogeneity - it aims at offering the soUd oxide fuel 
cell whose cell engine performance improved. 
[0006] 

[Means for Solving the Problem] The plate for cathode gas supply with which the cell 
proper which a cathode and an anode are arranged through a solid electrolyte and changes 
in order that this invention may solve the above-mentioned technical problem supplies 
cathode gas to said cathode, In the solid oxide fuel cell of the structure which intervened 
between the plates for anode gas supply which supply anode gas to said anode It is 
characterized by being constituted so that the flow direction of at least the gas [ anode gas / 
which are supplied in a cell side firom said plate for cathode gas supply and/or the plate for 
anode gas supply / the cathode gas and/or anode gas / once ] within a cell side under 
operation of a cell may be reversed. 
[0007] 

[Function] If it is the above-mentioned configuration, since the direction where the cathode 
gas within a cell side and/or anode gas flow during operation of a cell can be reversed, the 
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reaction within a cell side can reverse an active part and the part which is not active. 
Therefore, since abbreviation equalization of the current density distribution within a cell 
side, temperature distribution, the stress distribution, etc. can be carried out, degradation 
of the cell engine performance can be controlled. In addition, since H2 O produced in the 
case of a cell reaction can be diffused, the cell engine performance improves. 
[0008] 

[Example] [Example] Drawing 1 is the decomposition mimetic diagram of the monotonous 
mold sohd electrolyte fiiel cell concerning one example of this invention, and the cell proper 
4 which a cathode 2 and an anode 3 are arranged on both sides, and grows into them 
through the sohd electrolsrte plate 1 is the structure which intervened between the plate 5 
for cathode gas supply which suppHes cathode gas to said cathode 2, and the plate 6 for 
anode gas supply which suppUes anode gas to said anode 3. In addition, arrow heads A and 
B show among drawing the direction where the cathode gas within a cell side or anode gas 
flows. 

[0009] Said sohd electrolyte plate 1 is 0.9 (Zr02) 0.1 of marketing (Y2 03). It is a plate and 
is 0.2mm in magnitude lOOmmx 100mm and thickness, said plate 6 for anode gas supply 
said anode 3 and abbreviation " it is the same magnitude, and the whole surface is 
carrying out opening of the field of the side which touches said anode 3, and the field of the 
opposite side is embarrassed. Several ribs 7 are formed in the interior of this plate 6, i.e., 
the field by the side of said embarrassment, by abbreviation regular intervals so that 
anode gas can be supplied to said anode 3 at abbreviation homogeneity. 
[0010] Moreover, in one opposite side face of this plate 6, the anode gas supply pipe 8 for 
supplying anode gas and the anode gas exhaust pipe 9 which discharges the anode exhaust 
after a cell reaction are connected to said anode 3, respectively. Fiui;hermore, if it says in 
detail, said anode gas supply pipe 8 and the anode gas exhaust pipe 9 are divided into 
anode gas supply pipe 8a, 8b, and anode gas exhaust pipe 9a and 9b on the way at two 
forks, respectively, and these anode gas supply pipe 8a, 8b, and anode gas exhaust pipe 9a 
and 9b are connected to the side face of said plate 6. In addition, piping 8a and 8b of the 
side which suppUes anode gas are constituted so that the path of piping may become thick 
rather than piping 9a and 9b of the side which discharges anode gas. 

[00 11] In the middle of said anode gas supply pipe 8aand8b, and anode gas exhaust pipe 9a 
and 9b, anode gas supply bulb 10a, 10b, and anode gas draining valve 11a and lib are 
prepared, respectively. While said anode gas supply bulb 10a and 10b are constituted so 
that only either may open, for example, bulb 10a is opening, bulb 10b closes the valve and 
bulb 10a is closing the valve, bulb 10b is constituted so that it may open. Moreover, 
although said anode gas draining valve 11a and lib are also constituted so that only either 
may open, closing motion of these anode gas draining valve 11a and lib will be governed 
by the switching condition of said anode gas supply bulb 10a and 10b. 
[0012] Here, the closing motion pattern of said anode gas supply bulb lOaandlOb, and 
anode gas draining valve 11a and lib is shown in the following table 1. 
[0013] 
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[Table l] 

[0014] [front Naka and O show the bulb open and x shows a bulb close condition, 
respectively. ] For example, since bulb 11a is constituted so that the valve may be closed 
while anode gas supply bulb 10a is opening (bulb 10b is clausilium), and anode gas 
draining valve lib opens, anode gas flows in the direction of A in a cell side. Moreover, 
since bulb lib is constituted so that the valve may be closed while anode gas supply bulb 
10b is opening (bulb 10a is clausilium), and anode gas draining valve 11a opens, anode gas 
flows in the direction of B in a cell side. 

[0015] Thus, the direction where anode gas flows can be reversed in the direction of A, or 
the direction of B by changing closing motion of anode gas supply bulb lOaandlOb, and 
anode gas draining valve 11a and lib. In addition, hand control or automatic can perform 
the change of closing motion of such bulb lOaandlOb, and 11a and lib. 
[0016] Said plate 5 for cathode gas supply is the same structure as said plate 6 for anode 
gas supply and abbreviation, the whole surface is carrying out opening of the field of the 
side which touches said cathode 2, and the field of the opposite side is embarrassed. 
Several ribs (not shown) are prepared in the interior of this plate 5, i.e., the field by the 
side of said embarrassment, by abbreviation regular intervals so that cathode gas can be 
supplied to said cathode 2 at abbreviation homogeneity. 

[0017] Moreover, in one opposite side face of this plate 5, the cathode gas supply Kne 12 for 
supplying cathode gas and the cathode gas exhaust pipe 13 which discharges the cathode 
exhaust after a cell reaction are connected to said cathode 2, respectively. Furthermore, if 
it says in detail, said cathode gas supply Une 12 and the cathode gas exhaust pipe 13 are 
divided into cathode gas supply line 12a, 12b, and cathode gas exhaust pipe 13a and 13b on 
the way at two forks, respectively, and these cathode gas supply line 12a, 12b, and cathode 
gas exhaust pipe 13a and 13b are connected to the side face of said plate 5. In addition, 
piping 12a and 12b of the side which supplies cathode gas are constituted so that the path 
of piping may become thick rather than piping 13a and 13b of the side which discharges 
cathode gas. 

[0018] In the middle of said cathode gas supply line 12aandl2b, and cathode gas exhaust 
pipe 13a and 13b, cathode gas supply bulb 14a, 14b, and cathode gas draining valve 15a 
and 15b are prepared, respectively. While said cathode gas supply bulb 14a and 14b are 
constituted so that only either may open, for example, bulb 14a is opening, bulb 14b closes 
the valve and bulb 14a is closing the valve, bulb 14b is constituted so that it may open. 
Moreover, although said cathode gas draining valve 15a and 15b are also constituted so 
that only either may open, closing motion of these cathode gas draining valve 15a and 15b 
will be governed by the switching condition of said cathode gas supply bulb 14a and 14b. 
[0019] Here, the closing motion pattern of said cathode gas supply bidb 14aandl4b, and 
cathode gas draining valve 15a and 15b is shown in the following table 2. 
[0020] 
[Table 2] 
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[0021] For example, since bulb 15a is constituted so that the valve may be closed while 
cathode gas supply bulb 14a is opening (bulb 14b is clausiUum), and cathode gas draining 
valve 15b opens, cathode gas flows in the direction of A in a cell side. Moreover, since bulb 
15b is constituted so that the valve may be closed while cathode gas supply bulb 14b is 
opening (bulb 14a is clausilium), and cathode gas draining valve 15a opens, cathode gas 
flows in the direction of B in a cell side. 

[0022] Thus, the direction where cathode gas flows can be reversed in the direction of A, or 
the direction of B by changing closing motion of cathode gas supply bulb 14aandl4b, and 
cathode gas draining valve 15a and 15b. In addition, hand control or automatic can 
perform the change of closing motion of such bulb 14aandl4b, and 15a and 15b. 
[0023] Here, like the above, it is the following, and the constituted monotonous mold solid 
electrolyte fuel cell was made and produced. First, it is perovskite mold oxide, for example, 
LaO.9 Sr, 0.1 Mn03 as a raw material of a cathode 2. Powder and 0.9 (Zr02) 0.1 (Y2 03) 
Powder was prepared, and it mixed so that these might be set to 4^1 by the weight ratio. 
Furthermore, the paste which mixed spirit of turpentine in this mixture so that it might 
become with 10:3 by the weight ratio was appUed to one field of said solid electrolyte plate 
1, it could be burned at 1100 degrees C among air for 4 hours, and the cathode 1 was 
formed. 

[0024] On the other hand, it is nickel powder and 0.9 (Zr02) 0.1 (Y2 03) as a raw material 
of an anode 3. Powder was prepared, and it mixed so that these might be set to 2^1 by the 
weight ratio. Furthermore, the paste which mixed spirit of turpentine in this mixture so 
that it might become with 10*3 by the weight ratio was applied to the field of another side 
of said sohd electrol}^ plate 1, and the anode 3 was formed. After this anode 3 assembles a 
cell, it is the process which carries out a temperature up to 1000 degrees C on condition 
that predetermined, and can be burned on said soUd electroljrte plate 1. 
[0025] Next, the cell proper 4 which carried out in this way and was produced was installed 
between the plate 5 for cathode gas supply, and the plate 6 for anode gas supply, and the 
cell for a trial was produced. Thus, the produced cell is called the (A) cell below. 
[Experiment l] Since it investigated using the (A) cell of above-mentioned this invention 
about the discharge property at the time of reversing the flow of cathode gas and anode gas 
after 1000-hour progress, respectively, the result is shown in drawing 2 . First, the 
experiment opened cathode gas supply bulb 14b and cathode gas draining valve 15a, anode 
gas supply bulb 10a, and anode gas draining valve lib, as shown in the following table 3, it 
made cathode gas and anode gas counter in the direction of B, and the direction of A in a 
cell side, respectively, and was passed. And after 1000-hour progress, as shown in the 
following table 4, anode gas supply bulb 10a and said cathode gas supply bulb 14b and 
cathode gas draining valve 15a, and anode gas draining valve lib are closed. Cathode gas 
supply bulb 14a and cathode gas draining valve 15b, anode gas supply bulb 10b, and anode 
gas draining valve 11a are opened. Cathode gas and anode gas were passed in the direction 
of A, and the direction of B in the cell side, respectively, and the direction where gas flows 
was reversed, moreover, current density - 300 mA/cm2 it is . 
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[0026] 
[Table 3] 
[0027] 
[Table 4] 

[0028] It turns out that an electrical potential difference falls gradually until 1000 hours 
pass so that clearly from drawing 2 , and an electrical potential difference rises rapidly and 
it is going up by about 0.12v when the direction where cathode gas and anode gas flow 
after that is reversed to the electrical potential difference £alling by about 0.25v at the 
1000"hour progress time, respectively. 

[Experiment 2] Since it investigated about the discharge property the case where the 
direction where cathode gas and anode gas flow is automatically reversed for every hour 
using the (A) cell of above-mentioned this invention, respectively, and at the time of not 
making it reversed (it usuaUy operating), the result is shown in drawing 3 . In addition, 
experiment conditions are the same as that of the above-mentioned experiment 1 and 
abbreviation. 

[0029] When the direction where gas flows is automatically reversed for every hour to an 
electrical potential difference falling gradually, by the usual operation which does not 
reverse the direction where gas flows, it turns out that the faU of an electrical potential 
difference is controlled, so that clearly from drawing 3 . 

[Conclusion of experiment 1 and experiment 2] By reversing the direction where the 
cathode gas within a cell side and anode gas flow during the usual operation, respectively 
shows that a rise or the fall of an electrical potential difference is controlled for an 
electrical potential difference so that clearly from drawing 2 and drawing 3 . 
[0030] This is considered to be because for H2 O which is because a part (degradation is 
quick) with the active reaction within a cell side and the part (degradation is slow) which is 
not active are reversed, and was generated in the anode side to have been spread by 
reversing the direction where cathode gas and anode gas flow, respectively. 
[Other matters] 

In the above-mentioned example ** In the middle of anode gas supply pipe 8aand8b, anode 
gas exhaust pipe 9aand9b, cathode gas supply line 12aandl2b, and cathode gas exhaust 
pipe 13a and 13b Although anode gas supply bulb lOaandlOb, anode gas draining valve 
llaandllb, cathode gas supply bulb 14aandl4b, and cathode gas draining valve 15a and 
15b were prepared, respectively This invention by not being Umited to this at all and 
preparing a cross valve etc. in the part in which the anode gas supply pipe 8, the anode gas 
exhaust pipe 9, the cathode gas supply line 12, and the cathode gas exhaust pipe 13 are 
divided into two forks Of course, it is also possible to consider as structure which reverses 
the direction where gas flows. 

** In the above-mentioned example, although it constituted so that cathode gas and anode 
gas might be reversed, of course, it is also possible to consider as a configuration which 
reverses only one of gas. 

** In the above-mentioned example, although cathode gas and anode gas were made to 
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counter and being supplied, of course, it is also possible to adopt the approach of making 
intersect perpendicularly, as shown in drawing 4 and drawing 6 , and supplying, the 
approach of supplying from the same direction, etc. 
[0031] 

[Effect of the Invention] Since the direction where the cathode gas within a ceU side and/or 
anode gas flow during operation of a cell can be reversed according to the above this 
invention, the reaction within a ceU side can reverse an active part and the part which is 
not active. Therefore, since abbreviation equalization of the current density distribution 
within a cell side, temperature distribution, the stress distribution, etc. can be carried out, 
degradation of the cell engine performance can be controlled. In addition, since H2 O 
produced in the case of a cell reaction can be diffused, the outstanding effectiveness that 
the cell engine performance improves is done so. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the decomposition mimetic diagram of the monotonous mold solid 
electrolyte fuel cell concerning one example of this invention. 

[Drawing 2] It is the graph which shows the discharge property at the time of reversing the 
flow of cathode gas and anode gas after 1000-hour progress, respectively using the (A) cell 
of this invention. 

[Drawing 3l It is the graph which shows the discharge property the case where the 
direction where cathode gas and anode gas flow is automatically reversed for every hour 
using the (A) cell of this invention, respectively, and at the time of not making it reversed 
(it usually operating). 

[Drawing 4] It is drawing showing the outline cross section of the conventional monotonous 
mold SOFC, and the supply approach of gas. 

[Drawing 5] It is drawing showing the outline cross section of the conventional monotonous 
mold SOFC, and the supply approach of gas. 

[Drawing 6] It is drawing showing the outline cross section of the conventional monotonous 
mold SOFC, and the supply approach of gas. 
[Description of Notations] 

1 SoHd Electrolyte Plate 

2 Cathode 

3 Anode 

4 Cell Proper 

5 Plate for Cathode Gas Supply 

6 Plate for Anode Gas Supply 



[Translation done.] 
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1 aJiW^-r-i, J: d«fiS;$ttTv>^,<oT% l;?ifeffiF^ni3 

7.^m^<)\^-:r\ 0 b:;6*K#LTV>;5^ 0 a»± 

14. T^-- K**XSPtiJ/N*;i/7'l 1 a7!i*P3#i-^ — 
>'<;W7'1 1 b»4H#1--i) J:d#^?nTv>^<Ot?, 40 

[0 0 151 :L<Di.n^z. T j-Yif7.^f^/^)vri 0 

a • 1 0 b. T y - Yif7.m^^'^)^y\ 1 a • 1 1 bO 
mmim^^x.^^t\zx*), r y-Yif:i.(r>m.ixi^ 
IfiJ*, A*|fiJX»4B*|fi]'^tRte$-^4C: t*«T'i4„ 
C (7) T tj:^^)^^ lOa-lOb. lla-llb 

<r>^m<r>^^mx.\i. ?l^lX^4ili|•c^T9ii:**T•# 
[0 0 161 mfe*v- Y-ff7.is^iekmf\^- h 514, ^tr 



tj. Bifie* V- K2 t«i--5fi!l<OM«4-®;6*IBPLTi5 
>), '€-<OR*fffl0<O®l4fll!PLTV>-£,o ^K^yv-hSO 

[0 0 171 ttz. Ciorv- h 5«D— :^0*t|pJlg!IBlC 

f4. mie* V- K2 IC* V- YifX^^f^-ti,tztb<r>i] 

V- K*-;^ttif&if 1 2, Zit;^m?t&s:it:>mo*v- Y^w 

1 2. Syf* V- K*'>^©ftBl=l 3 14, M^X'^ixrfi 

* V- K^-X^^l^l 2 a • 1 2 b, YifX 
m^mi 3 a • 1 3 b'^i:-K:tC:9-:*-ixTi5lJ. iixt> 

* V- K*';^««&«1 2 a • 1 2 b. St^* V- K:«"y^ 
S^mgl 3 a • 1 3 b7»*^lS:/U- h 5 cofiOffit-^^? 
1xX^^i>o ra5> * V- K**xt«^i-^iil(7>ES=i 2 a 

* 1 2 bJ4. * V- K**XS:gfai-r^,ii<OKe 1 3 a • 
1 3 b J: •) <>E«OS***:<4-&J:^flfjS$ttTv>.So 
[0 0 181 «[fB* V- K«";^««&Wl 2 a • 1 2 b. 
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SU'* V- K**;^gfaiSl 3 a • 1 3 b <73ii4'lCJ±, 
ix-rn* V- h'if:^mm^^f^-ri 4 a • l 4 b. Riff) 
V- Kj!r>^«ftB''-f^l'-/l 5 a • 1 5 b*»l£ttf>ft-Cv> 
-So Mffi*V- K**:^«*&/N*;W-/1 4 a • 1 4 b»±, -fRl 

/OX'-fl 4 a*«ii#LTv>^^«i> >'N';V'n 4 b liK^ 

4 bi±gg#i-^J:^1*fiS;$nrv^^o t/c. i;rf5*v- 

K«•;^Sfffi>'^'J^7'l 5a- 1 5 b <sfix*^— :^<o<^«.*** 



ai>'<;wn 5a • 1 5b<O^Pfl»i, Mlfi* V- K«"^« 
i^^^fi^rri 4 a • 1 4 b<^igKtt^l-5tE$*t&-i:t- 

[0 0 19] cd-c. I5ie*v- K«';«>«if&>'^;wn 4 
a • 1 4 b, RlfiiV- Vif^m^^^f^fl 5 a • 1 5 
b <DraP8''<i' - > *TfB^ 2 IC^-fo 
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[0 0 2 11 mk.\f. iiV- Yit7.m^?'^}\^-f\ 4 a** 
Bg#Lrv>^^ 1 4 btipg^) li, iiv-YiS 20 

Xfim>'^'^^7'l 5 b^^gS^-r-S-:^, ^n';W7'1 5 aJiPfl 

;V'n 4 b**ig#Lrv^-i,^ (/n';V/1 4 a»ilfl#) 
»i, *y- K*';^#ai>'<;w:/i 5 a**g8#-t-*— >'< 
;v/ri 5 b»±H#-f a J:^fll«^i^Tv>*<o-C% mrlfeM 

[0 0 2 21 Z.<r>X.n\'-. * V- K**x«^&/<;wn 4 
a • 1 4 b, * V - K**;^.gft^i/^';^n 5 a • I 5 b<0 
gaEaS-^»)#x.*c:i:JCJ: >). *v-K«"::^«oatir*:^ 30 

j^J, ClOJ: T ^r/^;!^-/ 14a-14b, 15a-15b 

So 

[0 0 2 31 i::T% ±fe<o$p<ffif^?ixfcT«MH^*: 

IfL ao.s S ro.i MnOa JBJ*t. (Zr 02)0.9 
(Y2 O3 ) 0.1 ^fL^*«»iltT- 
4 : 1 i:=i-&J:-7tciS'g-L3to iOia-g-^lC-r V 40 

tf>^ft«:l:fijfei 0 : 3 }iii^i.^\zm.X\^ti^-'^ 

h«r, «rfa@#«ftiK«io-:^<oMu^*L, ^^i" 

1 1 0 0"CT-4^PaiSSi#ltT* V- Kl ^-Jg^LfCo 
[0 0 2 41 —-n. r J - K3<0lS^t LT. N i 
t, (Zr02)o.9 (Y2 O3 ) 0.1 «rffl3S 

ciKt.*««S:Jt-e2 : 1 fc J; d i^S-^L/^o S 
jc, ioiS-g-^n-rt-i^vrS^-Mlt-ei 0 : st^i-J. 



<±. m?ife*ffi*ttTfcm. ^^<o*fti^T 1 0 0 ot:s 

[0 0 2 5l^tc. i<0 J: ^ HLrf^i!iLfcmflfe*#4 

/Co Cl<OJ:atcLTf^S!L/cflrtfe?r, JJIT (A) 
C^^l) ±i5*l&W<0 (A) mrlfeSrfflv^-C, 10 0 0 

■C, -eofe*$rgl2 tr^-fo ^^li^fcT. TE*31C^ 
i-j: -7 tc* V - K**;^ttiJ&>'N*;i'n 4 b • * v - K**;^ 
Sfai/<;i/n 5 a. ry- K:<r>^«^/^;i'y 1 0 a • r 
y- K3tr;^Sfffi/^;w-7'l 1 b4rig#L-C. Srlfe®F«3i::iJ 

|pj. Rxf hunr^nis^'^^xm.x^fz^ -f-L-r, i o o o 

ttifS/^^wr 1 4 b • * V - K«';^»PUJ>'<;i'r 1 5 a , t 
y- K5!f;?.'^^^N*jU7'i 0 a • ry- K^'J^Sfffi/N'-'wr 
1 1 b*lfl#L-C, * V- K;^f:^««&-'^•;^7'l 4a-* 
V-ViT7-m}3&^<^'Tl 5 b. - K*":^'St«&^<;w-/ 
10b • yy- K**Xg^m>'<.'l'-/l 1 a ?rP3^LT, S 

-e'ixA:^ip), 5.ufB*in]i-giiL-c. ff:^ff)mn.i>:f3\pii 

RteS-frfco iJt, ^m^JK»±3 OOmA/cm^ -C* 

[0 0 2 61 
[«31 
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* y - K;«ir:^#ti&A/P7* 
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A V - K X 


1 4 a 


1 4 b 
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T / - V iS T.^^kf^i^'^ 


y J - Y if %}^^fin^-:f 


7 y - K ** X 
<D H a IrI 


1 0 a 


10b 
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1 1 b 
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i§f ^t-CI4^^tcmff:6*ig:TLT. 1 0 0 O^^SJg 

(O^^v-K^-x, S-t^ry- K*■xo^i^<^-6:^I6]^^-?- 
i^'P^^Ste^■^/:^&'&^c^±. ft,Sc»cSff**±#L, «fjO. 

imm2) ±ti^?&m<o (a) s^b^rfflv^-c. *v-k 
■t (omfkim 3 iz^-to mm^n-a^mmmi tw^ 4o 

[0 0 2 91 ll3;J-ej|gc>:*-i5: i -9 tc, :y;^<05iEiX'5.:& 



[0 0 3 01 ClfL»±. *y- K**XS.a^Ty- K*'X<7) 

8 b. T/- K**;^gfmi=9 a • 9 b, *y-K;^r;z.^ 
^If 12a - 12b. *V - K:*';^^^ di® 1 3 a • 1 3 
bOigtftc, -J-ft-PtlT y - K«"X«if&/<A'n 0 a • 

10b. ry - K A'xg^m^N'iv-y i i a • i i b . * v 
- KA*;^««&/N';u:/'i 4 a • i 4 b, *y- K^'xgfm 
-'<;l'yi 5 a • 1 5 bSr^ttTt*^^ :*:§l9gi±{pjib ^ftic 

8, ry- K**;^gfaie9. * v- k^'^wj&si 2, 
® ±fB*i&«^jci3v»ri±, * V- K3!f^ try- K*" 



(6) 
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<3> ±ffillJaiif!l(ci5v^TJ±, * V- K#;^fcTy- K«" 

[0 0 3 1] 

zajs^*. ^^ti^^m^v^hi^-it-t^^bt^x'^ 
mi] ^§tm(o-mmmitmi^m.mmi^m.m'Rmn 



[a 21 :^^m<o (A) m?ib^fflv»-c. 1 0 0 ommm 

ns:«E § »-g-<^ifc^#tt Sr g^-r 5^ 7 7 -e * * „ 
ims] ^^m<r> (A) mrfe^rfflv^r. *v-K**xs 
TfT J- K**;^(0gaa2):^|fij?r-?-<x-Pfvi ^M^nsa 

111141 tJ&3feo^«SS0FC<^«B&BfS. :BLXfif:^<0 

[11161 t^*O2F«as0FC<^)«EB&Brn. JlOf#>^<0 

1 B^««¥S« 

2 * y - K 

3 r y - K 

20 6 ry- K:«->^«*&fflyv- h 
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